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Abstract 
The aim of the study is to assess the level of specific lower limb power and reactive force in young volleyball players. The 15 
female subjects were involved in three pre-tests: 15s jumps, 30s jumps and stiffness test performed according to the Bosco 
Protocol by using the Optojump Next System.  After a 10-week plyometric training programme, a post-test was applied. 
Compared to the pre-test, the flight times, contact time, height jumps and power revealed significantly higher scores post-test for 
15s and 30s jumps test. No significant differences were observed on any variables for the stiffness test. We conclude that the 10-
week plyometric training programme increases the anaerobic power in terms of contact time, flight times, height jumps and 
power jumps.  
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of WCES 2014. 
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1. Introduction 
Volleyball is characterized by a great amount of jumps, skips, hops and other kinds of take off (Abendroth-Smith 
& Kras, 1999). The practice experience permitted to Jakubsova, Vaverka, & Jandacka (2011) to divide take offs into 
two basic skills: the spike jump (from one leg and both legs) and block jump (from standing, after movement). 
Volleyball requires the athlete to jump as high as possible while attacking the ball with upper body movements. 
Vertical jump is important in volleyball because of the need to hit the ball around the opponent on the opposite side 
of the net (Schaal, 2011). Leg muscle power is considered a critical element for successful athletic performance 
(Bobbert et al., 1996; Ravn et al., 1999), and particularly relevant in volleyball (Menzel, Chagas, & Szmuchrowski,  
2010; Sheppard, Cronin, &Gabbet, 2008). Authors consider that lower body power has been used to measure 
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performance in volleyball in relation with other physical fitness characteristics, as agility and anaerobic capacity, as 
well as anthropometric characteristics and playing position (Amasay, 2008; Gutierrez & Marcos, 2009; Jaric, 
Ugarkovic, & Kukolj, 2001; Schaun et al., 2013; Sheppard, Cronin, & Gabbet,  2008; Vescovic & Mcguigan, 2008). 
2.  Methods 
This study aimed to investigate the influence of a 10-week plyometric exercise training on lower limb power in 
volleyball players. Participants were asked to perform a series of jumping tests on a surface that permitted 
performances to be recorded. 
 
2.1. Subjects 
 
The study involved 15 female volleyball players from the University Sports Club Medicina of Târgu-Mureş, 
aged from 16 to 17, who ranked first place in national cadet championships for the season 2012-2013. The team was 
composed of 9 hitters, 3 setters and 3 liberos. They trained 8-10 times a week, 90 minute per session. All players are 
healthy and they benefitted from an official medical advisor for competing in championships, according to the 
national sports law. The protocol of research on human subjects was reviewed and approved by an ethical 
commission within each institution and a written informed consent was obtained from the parents before any testing.  
 
2.2. Procedures 
 
Anthropometric data were collected for each subject by using standard data to measure the height and weight 
according to International Standards for Anthropometric Standards (ISAK, 2001). Both were necessary to calculate 
the body mass index, known as Quetlet Index (Cordun, 2009, p. 90). All participants performed a set of three 
standardized tests according to Bosco Protoccol (Bosco, 1999). The tests took place during two days (pre- and post-
tests) and they were done by the same evaluators. The device used in this study was OptoJump (Microgate, Bolgano, 
Italy), with two bars placed opposite to each other and connected to a PC. Jump 15 sec. The subject performs 
without interruption jumps during 15 sec., hands placed on the waist and both knees bent at 90o. Jump 30 sec. The 
subject performs without interruption jumps during 30 sec., hands placed on the waist and both knees bent at 90o. 
Stiffness test. The subject performs a series of 7 consecutive jumps with maximum intensity. During the jumps, the 
knees are straight and the arms are free in order to allow the best movement coordination. For all tests were recorded 
the following parameters: contact times (s), flight times (s), height of jumps (cm), and power of each jump (W). The 
power (expressed in W/Kg) was calculated by using the following formula: 
 
                                                                                                                         (1)     
where g = acceleration of gravity (9.81 m/s2); n salti = number of jumps during the test; Ʃhsalti = sum values of each 
jump height during the test (cm); ΣTv = sum values of the each jump flight time during the test (s); ΣTc = sum of 
the time of contact with the ground during the test (s). After the pre-test, was applied the 10-week plyometric 
training (2 sessions per week, Mondays and Wednesdays, 45-60 minutes each) as method to increase leg muscle 
power. Different types of exercises were used to develop strength and explosive power, such as: double leg and 
single leg jumps, squat jumps, cross over jumps, increase and decrease jumps, broad jumps, box hop jumps, scissors 
jumps, single leg bounding, power skipping. The strength exercises – squat, squat jumps, lunges, step up on 30-40-
50 cm high – were executed with medium weights because, considering the players’ age, it is not recommended to 
work with big weights. 
 
2.3. Statistical analysis 
 
SPSS 17.0 for Windows was used to calculate mean and standard deviation (mean±SD). One Way ANOVA was 
applied to determine if the differences are significant between pre-test and post-test in terms of contact times, flight 
times, height of jumps and power.  
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3. Results and discussions 
Anthropometrical characteristics are shown in Table 1: height, weight and body mass index. The hitters 
registered the highest characteristics on all three measurements (for height 1.81±0.03cm, weight with 68.33±5.24kg 
and BMI 20.77±1.42%), as well the lowest scores for height (1.69±0.01cm), and weight (58.67±4.72kg) for liberos. 
As a group, compared to female volleyball counterparts from Croatia, Turkey and the Slovak Republic, of the same 
age, the anthropometrical characteristics registered the following data: height=174.36±6.57cm, 
weight=63.98±8.46kg (Grgantov, Zatic, & Jankovic, 2006); height=181.65±2.92 cm, weight=66.61±4.53, 
BMI=19.97±1.4% (Aytek, 2007); height=179.17±6.73cm, weight=66.83±6.93, BMI=20.62±1.22% (Mala et al, 
2010). 
                  Table 1. Mean±SD for height, weight and body mass index 
Group Height (m) Weight (Kg) Body Mass Index (%) 
All subjects (n=15) 1.77±0.06 64.73±6.72 20.55±1.41 
Liberos (n=3) 1.69±0.01 58.67±4.72 20.36±1.33 
Setter (n=3) 1.73±0.07 60.00±6.08 20.06±1.85 
Hitter (n=9) 1.81±0.03 68.33±5.24 20.77±1.42 
 
To investigate lower limb power, the subjects were required to perform three tests: 15-second jump, 30-second 
jumps and stiffness test. The results of the pre-test and post-test are presented in Table 2 for each test: flight time, 
contact time, height of jumps and power. 15-second jumps Test. The flight time was higher for post-test 
(0.50±0.26s) compared to the pre-test (0.47±0.03s); the contact time was shorter for post-test (0.42±0.07s) than pre-
test (0.50±0.07s); and height of jumps increased post-test (31.50±3.36cm). Power was significantly higher post-test 
(27.76±3.99), too. The differences in mean were significant for all variables (p<0.05). 30-second jumps Test. The 
analysis of differences for flight time (0.43±0.02s vs. 0.48±0.02s), contact time (0.49±0.08s vs. 0.33±0.05s), height 
of jumps (23.50±3.06cm vs. 29.64±2.99cm), and power (20.31±3.09W/kg vs. 30.38±4.29W/kg) revealed that post-
tests are significantly higher compared to pre-test (p<0.05). The significant differences between the means of pre-
test and post-test for the assessment of lower limb power could be explained by the process of plyometric training 
sessions. In contrast to the 15s and 30s jumps tests, the stiffness test recorded no significant differences for any 
variables. Flight time was higher than in pre-test (0.50±0.03s vs. 0.52±0.03s), the contact time was similar for both 
tests (0.22s), the height of jumps was higher (30.60±4.22cm vs. 33.52±4.38cm) and the power was higher, too 
(39.41±6.63W/kg vs. 42.25±6.14W/kg), but no enough to be reported as significant (p>0.05). Most researchers 
agree with plyometric training as a method to improve leg muscle power (Brown, Mayhew, & Boleach, 1986; 
Chimera et al., 2004; Kotzamanidis, 2006; Markovic, 2007). Effects of plyometric training have been demonstrated 
in literature as having significant positive effects in vertical jump height (Young, Wilson, & Birne, 1999); however, 
other authors reported negative effects (Luebbers et al., 2003).  
 
Table 2 Jumping performances 
Jump Tests  Flight time (s) Contact time (s) Height (cm) Power (W/Kg) 
 
15-second 
Pre-test (mean±SD) 0.47±0.03 0.50±0.07 27.88±4.28 22.79±3.55 
Post-test (mean±SD) 0.50±0.26 0.42±0.07 31.50±3.36 27.76±3.99 
Mean dif. 0.03* 0.08* 3.62* 4.97* 
 
30-second 
Pre-test (mean±SD) 0.43±0.02 0.49±0.08 23.50±3.06 20.31±3.09 
Post-test (mean±SD) 0.48±0.02 0.33±0.05 29.64±2.99 30.38±4.29 
Mean dif. 0.05* 0.15* 6.14* 10.07* 
 
Stiffness 
Pre-test (mean±SD) 0.50±0.03 0.22±0.04 30.60±4.22 39.41±6.63 
Post-test (mean±SD) 0.52±0.03 0.22±0.03 33.52±4.38 42.25±6.14 
Mean dif. 0.02 0.00 2.92 2.84 
* The mean difference is significant at the 0.05 level 
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This study was conducted to investigate the influence of 10 weeks plyometric training on lower limb power, 
respectively anaerobic power and reactive power. The ability to jump high and reach maximum height quickly 
represents a success in volleyball (Potteriger et al., 1999), and explosive strength in the lower extremity is 
responsible for a good jump (Smith, 1996). The results from the data collected demonstrated that there was an 
increase in the flight time from pre-test to post-test for all three tests, and a decrease in the contact time period for 
the two tests; the outcomes were similar for the other test. The height of jumps indicates an increase in all tests: the 
highest mean difference between pre-test and post-test was 6.14cm. Finally, the power variable recorded a 
significant increase for 15s jumps and 30s jumps tests and no significant increase for stiffness test. Previous studies 
have demonstrated the effectiveness of plyometric training for improving power, generally expressed as increased 
vertical jump high (Brown, 1986; Luebbers et al., 2003; Markovic, 2007). Our study showed similar results for 
increasing vertical jump high, but no significant increase in the case of stiffness test. Anaerobic power also 
increased significantly (15s jumps test and 30s jumps test) after the plyometric training sessions; however, there was 
no significant increase in the reactive power (stiffness test).  
4. Conclusions 
From the perspective of the increase in the explosive power of the lower limbs from one testing to another, and 
of modelling the physical training, we have managed to improve the alactacid anaerobic power. This power was 
assessed by the 15-sec jump test and the 30-sec jump test. Greater attention should be paid to modelling and 
developing the reactive power on the level of the lower limbs, assessed and measured by the stiffness test, because 
the data obtained for this test during the two monitoring sessions – initial and final testing – did not show significant 
positive modifications. In the upcoming season, a greater attention will be paid to multiple-jump exercises, using 
maximum weight and intensity. 
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